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FOREWORD

This is the fi_al technical report prepared under NASA Grant NGR ()9-()10-t.)78. It sum-

marizes the educational and research work done by the faculty and staff supported bv this grant

during the period 1972-1987. Detailed description of the research work is given in the publica-

tions listed in Appendices I and 11.
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Final Report

Program of Research in
STRUCTURES AND DYNAMICS

NGR 09-()10-078

ABSTRACT

The Structures and Dynamics Program was first initiated in 1972 with the following two

major objectives:

a) to provide a basic understanding and working knowledge of some kev areas pertinent to

structures, solid mechanics, and dynamics technology including computer aided design: and

b) to provide a comprehensive educational and research program at the NASA Langley

Research Center leading to advanced degrees in the structures and dynamics areas.

During the operation of the program the research work was done in support of the activi-

ties of both the Structures and Dynamics Division and the Loads and Aeroelasticity Division at

NASA Langley Research Center. The Structures and Dynamic Program was an integral part of

the Joint Institute for Advancement of Flight Sciences' major research projects, which are

affiliated with the Department of Civil, Mechanical and Environmental Engineering of George

Washington Uni_,'ersity.

During the period 1972 to 1986 the Program provided support for two full-time faculty

members, one part-time faculty member, three postdoctoral fellows, one re_earch engineer, eight

programmers, _nd 21_Graduate Research Assistants. The faculty and staff of the program have

published 144 papers and reports, and made 70 presentations at national and international meet-

ings, describing their research findings. In addition, they organized and helped in the organiza-

tion of 10 workshops and national symposia in the structures and dynamics areas. The Graduate

Research Assistants and the students enrolled in the Program ha_e written 2() M.S. theses and 2

D.Sc. dissertatiotls.

I. StIMMARY OF OVERALl, PROGRESS

The Structure, and l)vnamics Prngr,tm _as first initiated in I-cbltlar_ 1_72 _ilh lhc

following two m_l,iorobjectives:



a) to provide a basic understanding and working knowledge of some key areas pertinent to

,+tructures. solid mechanics, and dynamics technology including computer aided design; and

b) to provide a comprehensive educational and research program at the NASA Langley

Research Center leading to advanced degrees in the structures and dynamics areas.

in the first t_,o years of its operation the Program focused on computer-aided structural

design, and the research was conducted in support of the Design Technology Branch of the

Structures and Dynamics Division. In succeeding years the Program was broadened to en-

compass some of the research activities within other branches of the Structures and Dynamics

Division. In the last year of the program (1987) the research was focused on tire modeling and

analysis.

Th,_'four NASA technical monitors for the Program v,ere:

Robert E. Fulton IFebruary 1972-December 1973)

Roger A. Anderson (January 1974-December 1980)

Harvey G. McComb, Jr. (January 19;4l-December 1986)

Martha Robinson IJanuary 1987-December 1987)

During the period February 1972-December 1987, the Program provided support for two

full-time faculty members, one part-time faculty member, three postdoctoral fellows, one re.

search engineer, eight programmers, and 28 Graduate Research Assistants.

The faculty and staff of the Program have published 144 papers (these include 31 NASA

reports, 77 archival journal articles, 54 papers in conference prt_eedings, and 5 contributions to

books). They have ed!ted 8 books, made 70 presentations at national and internation,'d meetings,

and organized 10 workshops and symposia in the structures and dynamics areas. The Graduate

Research Assistants and students enrolled in the program have written 20 M.S. theses and 2

D.Sc. dissertations. A list of the publications, presentations, theses and dissertations, workshops

and symposia are given in Appendices !. ii and III. The faculty and ,,taff ,,upported hv the

Program are listed subsequently, and the Graduate Research Assistants are listed in Appendix IV.

Facuhv and Staff

Dean Harold l.ieb_w_ itz. Prin,+ip_d Investigator Il t)-..'- I t),_7i

Aflmed K. Noor. Technical Director and Professor of Engineering and Applied Science
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tApril 1972-Dec. 1987)

Richard S. Brice. Associate Research Professor q'July 1974-Aug. _1, !()78)

Harry L. Runyan. Associate Research Professor _part-time. April 1975-June 30, 19771

Hussein A. Kamel, Postdoctoral Fellow (Summer 1974)

Kenneth Sidwell. Postdoctoral Fellow (Nov. 1, 1975-Sept. 7, 1977)

K. R. V. Kaza, Postdoctoral Fellow (May 1, 1976-Jan. 31, 1977)

John T. Dorsey, Visiting Engineer (July 1, 1981-June 25, 1982)

Pamela L. Rarig. Junior Programmer (July 1972-August 1974)

Stephen Hartley, Programmer tMarch 30, 1975-Aug., 17, 1977)

Mary O. Smith, Junior Programmer (July 7, 1975-Feb. 20, 1977)

Jeanne M. Peters, Programmer (Oct. 3, 1977-Dec. 1987)

Gregg Strohkorb, Programmer (June 4, 1979-Sept. 3, 1982)

Macon A. Shibut, Programmer l July 1, 1980-Feb. 21, 19831

Ted C. Michorczyk, Research Engineer (July 25. 1983-Julx 31, 1984)

Sandra L. Whitworth, Programmer (June 3, 1985-July 31, 1987)

Mary Torian, Secretary tApril I. 1977-Dec. 19871

II EDUCATIONAL PROGRAM

The curriculum in the Structures and Dynamics Program was designed to provide the

students with both fundamental and specialized knowledge of some key areas pertinent to

structures, solid mechanics and dynamics technology, including advanced computer applications

in interdisciplinary and optimum design of aircraft, aerospace and other structure,;.

In support of this curriculum thirty courses were offered at NASA L ngley. The,c con-

sisted of 6 applied science (mathematics) courses, I0 engineering science cottrse,,. 3 civil engi-

neering courses. _ computer science courses. :lnd 3 mechanical engineering cour_e,_. The c(_urses

are listed subsequently and a complete description of these courses is given in the SEAS catalog.

ApSe-211 Analytical Method_inEngineeringl

ApSe-212 Amllvtic_d Meth_,tl, in Engincerin'_, !1

ApSe-213 Analytical Meth_,tt, in Engin¢crin,,' III

'\pSc-214 Analytical Methtxt_ in Engineering IV

ApSe-215 Analytical Method_,in Engineering V

3
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ApSe-216 Analytical Methods in Engineering VI

CE-254 Special Topics in Engineering Analysis

CE-261 Analysi, of Plates and Shells

CE-263 Theory of Structural Stability

CS- 15t) Programming and Data Structures

CS-202 Introduction to Computer Systems 11

CS-203 Microprocessors and Microcomputers
CS-214 Data Structures

CS-215 Advances in Data Structures and High Level Algorithms

CS-227 Management Information Systems and Database Management

CS-285 Approximation of Functions and Data Representations

EngS-221 Theory of Elasticity I

EngS-234 _.'omposite Materials

EngS-281 Advanced Programming Techniques for En,:ineering Mechanics Problems

EngS-283 Application of Computer Graphics in Engineering

EngS-2X4 Numerical Methods in Engineering

EngS-285 Finite Element Methods in Engineering Mechanics

EngS-286 Analysis and Design of Thin-Walled Structure_

EngS-2X8 Advanced Finite Element Methods in Structural Mechanics

EngS-289 Special Topics in Theoretical and Applied Mechanics - Optimizatien of Engineering

Systems

EngS-314 Advanced Numerical Methods in Engineering

ME-215 Theory of Vibrations
ME-221 Intermediate Fluid Mechanics

ME-223 Aeroelasticity

!11. RESEARCH PROJECTS

A detailed de,,cription of the research activities of the faculty and staff are described in the

annual reports. Rex ices of these activities were made each year to the senior person,kel of the

Structures and Dynamics Division. Also, reviews of the activities of th,_,Graduate Research

Assistants v,ere made during the Annual Student Workshops in the summers of 1983. 1984. It_85

and lt_g6. Herein. ,t brief description is giver1 of the thirteen research projects covered under the

grant.

I. S(_lution Strategies for Structural Problems on New (.'omputing System,,

This research _va_ initiated in It_75. The obiective of the research _a_ t(_stud', the ittlp;Icl

()l: nlz|jor hardw'are And soll_lt'e leattlre', _l llt.'_._, co1111"_tllill _ sv'.,telll% {_11 ,,c_hlli_l} ,ll,lltg'_'lt'_ q,l

structur:d problems The computing systems considered included COC S'IAR I(X). C'fBER 2_)/,.
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CYBER 2(15. PRIME 75() minicumputer, and the FPS- 120B array pr_essor. Research-oriented

t' pilot finite element programs, which e',:ploited the major features of these machines, have been

,,I developed. The programs were used to investigate the efficiency of various numerical pr¢_e-

dures on vector computers and attached processors. The research helped in fomfing guidelines
.+

for the design of large-scale structural analysis programs in a distributed computing environment
+;

where the independent calculations are performed on different machines (e.g.. vector computers,

P minicornputers, attached pr_'essors, and projected new hardware configurations).

IP 2. Improved Numerical Prt_'edures for Nonlinear Problems

I This research was conducted during the period 1979-1986. Tile overall objective of this

t -osearch was to develop effective discretizatitm techniques and computational strategies for the

! solution of large-scale nonlinear structural and themml problerns. Both static tsteady state> and

dynamic Itransient) problems were considered. Work on this project included the deveh',pn'+ent
of:

al accurate and efficient multifield (mixed) finite element models for the free vibration and
nonlinear analyses of composite shells;

_. b) simple and efficient penalty finite element m+._els for the large-rotation static and

i dynamic analysis of structures:

i c) hybrid Bubnov-Oalerkin/perturbation techniqut's for the solution of nonlinear structural

l ' and thermal problems: and
d) reduction methods fur substantially reducing the colnputational effort required in the

: solution of nonlinear qructura] and thermal problems.

The mixed mt×tels developed were based on using independent shape functions for I'x_th

tile stress resultants and the generalized displacements and allowing the stress resultants tO be

discontinuous at mterelement boundaries. The effectiveness of the penalty models des eloped

,xas demon,+trated hx means of numerical examples of static, postbuckling and dvmmm. elastica

problems. The hx brid analytical technique was [ound tt+ co,nhine the best elemt'nt,, tel the regular

perturbation nleth,,d ;ttltl the Btlbno\-Galcrkin technique and ill the Siltlle tillle it _ crc_m_e,, their

nl:|jor dra_abacks -rhc leductttm mctho¢l,, de',.el,_pcd ,.,,ere a h_+brid c_mll,it_ati,_+t _,I _h,, liuitc

element, Rayleigh IRitl and perturbation techniques, The aptllicatitm of tiles,.' meth<_ls resulted nil

s t,
lJ

",+°:_
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substantially reducing the computational effort in solving large-scale nonlinear problems. The

++ scope of the work on reduction methtxts included mtxterate and large rotation nonlinear problems

i. of framed structures, composite shells and thermal problems. In the structural pr_blems both

conservative as well as nonconservative Ioadings were considered, and in the theml:d problems,

! both nonlinear conduction, convection, and radiation were considered. Also, problems with
i

nonconservative loadings were considered.

3. Postbucklin_ and Failure Anal.vsis of Com.posite Panels

The objective of this research was to study the postbuckling response and failure charac-

teristics of flat and curved laminated composite panels subjected to compressive, shear and

combining Ioadings. Work on this project included the application of reduction methods to the

determination of the bifurcation buckling loads, as well as to tracing the post-bifurcation and

post-limit point paths. Also. a simple criterion was de,,eloped for predicting initiation of

delamination in comnosite panels in the postbuckling range, The criterh_l is ba,:ed on the

magnitude of the transverse shear strain density. Experimems have :_hown that delamination

starts at the lt_'ations of maximum transverse shear strain energy density.

4. Anal,vsis an0 Modeling of Aircraft Tires

This research was conducted during the period 1980-1987. The overall objective of this

research was to develop accurate and cost-effective strategies for predicting the tire response

under normal operating conditions. The different activities, of this project it;-quded:

a) Development of various _,hear-flexible toroidal-shell finite elemem mt_tcl_, for predict-

ing the nonlinear response of tires subjected to inflation pre_,sure as well a,, mechanical Ioadings.

The finite element models developed included both displacement as well as rni\ed m_,dels, w'ith

independent shape function.,, fi_r the stress-resultants and generalized displ:_cements. Also.

semi-analytic finite element models .,,ere developed in _.'hich the tire x_lri,d_les v,ere represented

by Fourier series in the circumferential directi_n, and piecewi_e pol.vm,1fi',tls in the meritti_mal

directi_n.

b) Applicati_)n of sin_lc- ;rod multilqe-I_aranaetcr reduction meth()dn n) tht. n()))ll)le;ir

an;dv,,is ()f tires. Thc,,e )nelh_)d,, _)lh),,_,I ,,[ll_,,l_l))li_ll reducti_)n in the _)ri_l)).tl ntHlll,, ) ,)l _lt'idtt'v,,

of. freedom to be made. and pr_xed tt_ be xer\ ,.ffective fi_r both m_derale r_t_ut_m 'anti I,uge

6
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1
rotation problems: and ,]

c) Identification of the basic types of symmetry land their combinaticms) exhibited bv the
!;

[ tire response, and development of si nple cmnputatinnal strategies fi_r exploiting these svm-

t metries in the finite element analysis. Also. techniques were developed for reducing N, th the

size of the discrete model and the cost of analysis of tires in the presence of symm_tr3,-breaking

,_ conditions te.g., unsymmetry of the tire material, geometry, and/or loading).

5. and of Large Space StructuresModelin_ Anal),sis

This research was conducted during the period 1976-1986. The overall objectwe of the

research was to develop effective modeling and analysis techniques l'i)r large spa_.e structures

such as space solar power stations, large space mirrors, antemms, power systems l\_r _,upponing

space operations, and the space station. The activities in this project included development of al

new concepts for deployable space truss structures with applications to large space antenna,,

where the shape t:an be changed depending on the mission, and the advanced remote manipulator

system used: and bt rational continuum models to simulate the response of lattice structures

with pin as well as rigid joints. Also, the effects of joint flexibilities have been studied. The

models developed v.ere applied to themlal elastic stress, vibration and stability analyses of large

lattice structures, including the candidate configuration for the space station.

6. Effective Computational Strategies for Large-Scale Structural Problems

The objecti_,e of this research _.a_, to develop innovative soluti_,n methodohLt, ies and

effective computational str,tegies for solving large-scale structural problems. A c_,mputational

strategy ,,as developed for generating the response of a complex structural system u,,ing large

perturbations from the response of atsimpler system. The two key element, of the str,tleg._ are:

al operator sp! tins or restructuring of the governing equations of the co:np_ , ,,tructural

systern to delineate the contributions of the simpler .,,vstem:

b) application of preconditioned c_miugatc gradient (PC(;)technique t_, ,.:'cm..r,lle the

response of the original complex n_,,tem. The prectmditioning matrix is wlccted t_, bc Ih¢ n_atri\

of the simpler sv,,tem. The ,,imilanties bett_een the pn_p_sed strafes 3 and thai b,t.,:,l f,n lu_ltl_•

lion lrletluw,lx ha_e been ldenlilied and cxphuled l_ pt_x idc a ph.v,dc',d mc._',mg t_l _1_._,_,_,,_M_

tioned re,,idual vectt,r,, u,ed in the PC(_ tecttni,lUC. The effectivenc,,s ol the prol_,,ed qr,llegy

7 T
I/I --
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has been demonstrated by means t-,fa number of examples including:

• _ buckling and vibration analysis of anisotropic panels and ani>,._tropic shells of rev_lution

r Iv,ith particular emphasis on tire>,), _md
i,,
i b) linear and n_nlinear static _mdysis of symmetric structures v+ith unsymmetrit t-,+,_.,ti,._,

r conditions.

I, In each case the proposed strategy, in addition to giving highly accurate approximatl_,,. • t:.

the response of the original system, provided sensitivity infommtion concerning the effect c,f the

complicated factors on the response of the system.

7. Quality Assessment and Control of Finite Element Solutions

The v+ork in this project fi'K.'usedon developing error indicators as part of a simple comput-

ational prtx:edure for improving the accuracy of finite element soluti_ms for plate a_ld shell

problems. The procedure is based on using an initial lcoarse) grid and a refined lenriched) grid.

and approximating the solution for the refined grid bv a linear combination of a fev+ global

approximation vectors lot modes) v,hich are generated by solving two uncoupled sets of etlWl-

tions in the coarse grid unknowns and the additional degrees of freedom of the refined grid. The

global approximation vectors provide quantitative pointwise information aN+ut the sensitivity of

the different response quantities to the approximation used. and therefore, serve as ern_r

indicators.

X. Design-Oriented Approximate Methods of Analysis

This research _as performed during the perit_.l 1972-1974. The goal of the re,,earch v+as tt_

develc, p efficient algorithms w hicl, are tailored especially for repetitive anal,,,,is _tt_<.lgr'adient

co,reputation required in the automated (optimum) de',ign of large structural ,,,+',,tern,,. The

techniques developed v.ere a hybrid combination _t" a_ the Tavl_r ,,erles cxpansi_m of the re-

sptmse qu_mtities _ir, h re,,pect to the de,,ign varl_hles, and the reduced b',l,,i,, tc_.hniquc. _md I_

q'_:yh_r->,crie>,e\p,m',lt_n of the re>,pon,,c quantitie>+ and iterative letlll'lit.lllC_,. I_H \cl\ IHl'_t"

structures tile hybrid technique,, \_cre applied in c_n unction _ ilh su|'-,tructt_r_ng tcthllltltlc,,

9. Struclures M_dulc., in [.,tt_:e lil_illecrin_ l)c>,i_n Soitv, arc S,_,,lem,,

Thi,, rese_rch _,t,, ,.'_I_,!twtc_ltlurin_ Ihc I_e:t_,d l'_75-1t_Ts in ',tlpl'+_ll *_1tilt" ". \'_ \ I1' \1)

i+rt_iject. The t_biectl_e of thi,, rc>,carch _._as it, define the meth_tlol¢,c_ and _.,ll+,_t',_liti¢,,It,r

8 .)
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self-contained structures modules and submodules, and their interface with other m_lules in

large engineering design software systems. The different activities of this project included:

a) development of a ,_etof software tools for use in the design of dataha,,e managemenl

systems waich combine portability, simplicity and standardization,

b) development of mathematical m_Jels for the interaction of virtual memory manager,,

and virtual I/O buffer managers,

c) definition of operating system primitive commands to promote cooperation between the

operating system components and the databasemanagement progntms.

I0. lml-)act Dynamics and Crashwonhine,_s of Aircraft Structures

This research wa._directed towards effective ways of modeling the post-impact response of

large complex structures and the evaluation of crash_orthiness of aircraft _Iructures. The

different activities of this project included:

a) developing mixed finite element models for tht large-rotation dynamic analysis of

axisymmetric shells, spatial beams with arbitra_ curvatures, and beams made of composite

materials: and

b) assessing the applicability and range of validity of reduction methods a.,,applied to the

nonlinear dynamic at alysis of spatial beams.

I I. Effect of Dynamic Characteristicsof Air_:raft on the Fati_zue-l,ife DesiEn

This research was perlonned durin_ the period 1972-1975. The objective of Ihe _t_rk was

to eslablish a relationship between the structure static strength, dynamic (.'haracteristics. and its

fatigue life. Structures of the wing bo,_ I._pes were considered, and the load,, ranged tr(ml a

harmonic excitation to a simplified model of a random gust load in a turbulent atmosphere. "l"he

problem was inveqigated by computing the fittigue life using each of the fi_llo_,mg three

metht_l,,:

a) .,.lalic meth_.l in which the:excitation turce v.a,, treated a,, a I_,,eudo-,,tall_.' _tlt- ;ll}{I it,,

c)'cle_ _ere as,,umed to act independenll._ 4_Ieach _lher.

hl a ',tilliC melht_l a,, the, le in ill ;ih_' hill _ith cycle,, coml_ined ;ltCl]l(lil1'.' I_, lht" inpul

real lime h_adhl,,l_,l_, and

_.') dynamic melh_l in _hich the real time load input _a', u,,ed Io _enerate qre,,_ h_q_r_

9
"._ Jll
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accounting for the dynamk: amplification factors for all the eigenrmxles, ill each of the three

med_xts, standard e_iuatiom, des,:ribing the material fatigue propcrtic.s and cumulafi_,e d,,nagc

lav.s were used. The resuh,, obtained bv the three meth_xts were compared ti,r different load

amplitudes and structure nature frequencies. This study provided some insight into when to

replace the computationally expensive dynamic analysis by the less e,q_en,,i,,e p,,uedo-static

analysis, as v,ell as the range of validity of the latter as a functk,'l of load amplitudes arid natural

frequencies.

12. Rotor Dynamic,,

This research was conducted during the years 1976-1977. The work involved deveh_p-

ment of mathenmtical models for analyzing the aeroelastic stability of rot_'r,:raft. An efficient

approach was deveh;ped for deriving the nonlinear flap-lag-axial equations of motion ._trotating

beams. The equations w'ere solved using an integrating matrix meth_uJ and the band,, of in-

st :bility were identified.

! 3. Flutter and Unsteady Loads

This research _as conducted during the years 1975- 1977. This work included the develop-

ment and verific:ition of analytical and numerical methods for predicting air load distributions on

oscillating or impulsivel) moving lifting surfi_ces and wing-I'_x:ly combinati,ns. In particular, the

work included the development of a method for analyzing the nonlinear effe_:t'_ in aircraft re

sponse to atmosphenc turbulence. The method combined the techniques fi,r the analvsi,, of the

response of nonlinear dynamic system to random prt_.'ess and the fi_mlt: ttion ¢,f an aunl:,iitudc

;,_xltLl,_ted random prtx.'e,,s _hich is used as a m_lel for _ltmospheric turb,.lence Also. an exact

analysis was made for the response of linear d-'namic svqems to th,- pr_xJu_.lof I_,_ i,_deT,endcm

Gaussian prt_'es,-,es, _ hich include an amplilude mtxlulated pr<x.'ess as a special case.

IV. [:(,)t' IPM[NT

The list of equipment pur_:hased ti¢ the' lacuh,, aqd ,tatt _,f Ihe Stru,.tur_.',, ,rod I)_ n,_mi_..,

Pr_gram is given in _ppcnd_\ k ()f ,he l_:t,iI _I $._2.'__1.5¢_.$"ll.l_l() _*.a,._.'h,_r,',.'_lt_, 0!w _r,,_l

and the h_ll;.Inte u.,i,, u_',¢lc_ _ t_. !}lt' S_.'h_,d _,I I!t_i_wertl_g _t_¢l .\l,plled .";_.'cit_._ I_,1 I_ I'_'-,-

the or. m.'rship or the ec.luqm_enl v,a,, transterred t_ NASA l.angle.',,

i i, iii .........
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6. Noor, A. K., "Free Vibration of Multilayered Composite Phves," A1AA Journal, Vol. ! I,
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7. Noor, A. K. and Schnobrich, W. C., "Oo improved Finite-Difference Discretization Proce-

dures." in Variational Metht_s in Engineering, ed. bv Brebbia and Tottenham, Southampton

University Press, Vol. II, 1972, pp. 12/_-12/50.
S. No.or, A. K., "Mixed Finite-Difference Scheme for a Class of Linear and Nonlinear Struc-

tural Mechanics Problems," in Developments in Mechanics, Vol. 7, Prt_eedings of the 13th

Midwestern Mechanics Conference, Pittsburgh, PA, Aug. 1973, pp. 657-674.

9. N_r, A. K., 'Mixed Method for the Nonlinear Analysis of Pin-Jointed Trusses," Proceed-

ings of the Fourth Australasian Mechanics Conference, Brisbane. Australia, Aug 20-22,

1973, pp, 217-22.1,

IO. Nt_r, A. K., "Mixed Finite-Difference Scheme for Analysis of Simply Supported Thick

Plates," Computers and Structures. Vol. 3, No. 5, Sept. 1973, pp. 967-9X2.

1!. Noor, A. K., Stephens. W. B. and Fulton, R. E., "An Improved Numerical Prt_'ess for the

Solution of Stolid Mechanics Problems," Computers and Structures, Vol. 3, Nt:. 6, Nov.

!q73. pp. 13_)7- 1437.

12. Noor, A. K. ,tnd Stephens, W. B., "Comparison of Finite-Difference Schemes lor Analysis
of Shells of Revolution,' NASA TN-D-7337, Dec. 1973.

13. Not+r, A. K. at_d t_owder, H, E., "AF_proximate Techttiques of Structural Reanalv_is,"

Computers ;+rodStructure>+, Vol. 4. No. 4. 1974. pp. _01-812.

14. Noor, A. K+zlrldRarig. P. 1,., "Three-Dinlen,,it_nal Solutions of Lamin_ttcd C\']indcr',."
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APPENDIX IV- LIST OF GRADUATE RESEARCH ASSISTANTS

SUPPORTED BY ThE GRANT 1972-1986

I. Lowder, Harold E.. B.S. tAerospace Engineeringl, Purdue University

_Sept. 1972-Sept. 30, 19741

2. Berger. Paul E., B.S. tAerospace Engineering). University of Kansas

(Sept. 1972-Oct. 31. 1974)

3. Mathers, Michael D., M.S. (Applied Mechanics), University of California at San Diego
(Sept. 1972-Dec. 31, 1975)

4. Camin, Robert A.. B.S. tAerospace Engineering), Virginia Polytechnic Institute

tSept. 1973-Oct. 17. 19751

5. Farley, G_,ry L.. B.S. (Aerospace Engineering), Virginia Polytechnic Institute
(Sept. 1973-Aug. 31. 1975)

6. Rehak, Daniel R., B.S. (Civil Engineering). Carnegie-Mellon University
(Sept. 1974-May 1. 1975)

7. Greene, William H., B.S. (Mechanical Engineering), Georgia Institute of Technology

(June 1975-Sept. 30, 1977)

8. Peebles, James H., B.S. (Aerospace Engineering), Univ. of Illinois at Urbana-Champaign
tSept. 1, 1975-Nov. 1, 1977)

9. Walton, B., B.S. tCivil EngineeringL University of Kentucky
_Sept. 1, 1975-Oct. 1. 1975_

10. Lee, David _A'.,B_;. (Aerospace Engineering), New' York University
(June 15, 197_',-Aug. 20, 1976) "_

1I. Nemeth, Michael P. (Civil Engineeringl, North Carolina State University
(June 16, 1977-Aug. 31, 1979)

12. Knight. Norman F., M.S. IEngineering Mechanics), Virginia Polytechnic Institute and
State Llniversitv IAugust 29, lt_77-July 31. I_481))

13. Weisstein, L;uTV S.. B.S. IAerospace Engineering). California State Polytechnic Univ.
at Pomona (July 2. It)7'o-.qept. 3(1. I9,RI _

•14. Bush, Daniel J., BS. (Mehanical Engineering), University of Colorado at Boulder
(January 4, 198()-July 8, 1982)
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16. Forbes, Allen K., B.S. (Geological Engineeringl, University of Nevada at Reno

(August I, 1980-Nov. 26, 19801

17. Dompka, Robert V.. B.S. (Civil Engineeringl, Duke University

(Sept. 1, 1981-Jan. 11, 19841

18. Peterman, Louis W., Jr., M.S. (Mechanical Engineering), Michigan Technological Univ.

(Sept. 1, 1981-April ?,0, 1982)

19. Cooper, Michael J.. M.S. IEngineermg Science), State University of New. York at Buffalo

(Sept. 1, 1981-Aug. 12, 1983)

20. Hamlon, D wid M.. B.S. (Mechanical Ln_incering), University of Rochester
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21. Russell, William C., B.S. IAeron_,',lti_:_Liand Astronautical Engineeringl, Ohio State Univ.

(July 5, 1983-Oct. 25, 19a.il

22. Mct,etxJ, N. Douglas, B.S. (Aerospace ;._gin,,,cring), Georgia Institute of Technology

(July 25, 1983-Dec. 13, 191;._I

23. Betzen, Vincent R., B.S. (Mechanical Engineeringl, Wichita State University

,August 29. 1983-Dec. 24, 1985_

24. Luders. Mark A., B.S. IMechanical Engineeringk University of Washington

IAugust 31, 1983-Dec. 19, 1983)

25. Forde, J. Scott, B.S. (Mechanical Engineering), South Dakota State University

(Jan',lary 4, 1984-Sept. 14, 1984)

26. Jeffrey, Glenda L.. B.S. IMechanical Engineeringt, Purdue University _lt Indianapolis
_6, 19_6)(August 23. 1984-Sept. "

27. McCleary, Susan/,.. B.S. IAeronautical and Astronautical Engineering I. Ohio State I,rniv.

IAugust 20. 19X4-Oct. 4. It)85)

2I',I. Fetterman. Timoth', I+.. l-_.S.<,\cro',l_acc t!ngincering _. Univer_,it,_ of Fh,rida
. I I_ ,(August zl(). 19X4-Feb. ' It_,';7+
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APPENDIX V - LIST OF EQUIPME,WT PURCHASED

No. of Date

,_ Items Description Cost Purchased

''" 4 IBM PC Model No. 14 No. 515(1 Standard $5,219.2(I 2/17/83

I IBM-XT Model 87 No. 3161) 3,964.0()

" 4 80 CPS Matrix Printer w/graphics no. 5 i 52-(XI2 1,666.(XI
5 Printer Cable no. 1525612 192.5()

5 IBM PC DOS No. 6(124(X)1 150.(X)

i I Fortran Compiler No. 6024012 262.()_)

I Momx'hrome Display & Printer Adapter No. 15()49(_) 234.5()

! Moncv,:hrome Display No. 515 I(W)I 241.5(I

I NEC 3350 Ltr Quality Printer $1 ,g4(I.(_) 2/17/,';3
i NEC 3530 Cut Sheet Guide 107.(_)

2 Thimble, light italic/manifold #gO3-682A 49.4(I
2 Thimle. prestige elite/prestige renov, n #81)3-392A 49.4()

i Black Mylar Muhi-strike Ribbon 11,40
1 Black Fabric Ribbon 9.20

4 Princeton Color Monitor $2,6(X).0(1 2/22/83

4 Plantro,fics Graphics Adapter & Software 2,600.(_)

4 Quadb_,ard (192KB memory, clock serial 2,38(1.(X)

port, parallel port)

4 Micro_are Fastpak 4087 with 87 Fortran 375,(_)

1 Easywriter II from IUS 275.(_)

1 Easyspeller from It'S IL5.0()

8 320K Di,,k Drive $2,262.40 4/18/83

_ I Grafmatic MS Fortran 3. I ver,_ $ 97.,-10

|
I Citoh Printer $ 36,_.46 3//_,

4 256K R',lm Card $1,37().1)t) 3/I 3/X4

z 18 64K "tpgrade Kits $ 91}1,97 3/14/X4

I DPATtt I__lililvfl,r I'('-[)()S 2 i ,_ $ 25.(_ _/I I/X4

Polvlil,rari_u_ I $ 1(_1.5(I X/17.;X4

I Polym:tke 1(_).5() 8,/I 7/._4
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1 6 64K RAM Upgrades $ 269.46 9/24/84

i1 HX-12 Color Monitor 469.00
Princeton Graphics

_, AST Six-Pak Plus w/64K 269.(_)
ii Epson FX-80 Printer 429.01!

Epson FX-80 Tractor 25.()_)
Tecmar Graphics Master 485.(_1

'* IBM Parallel Cable 20.(_)

3 8087 Chips 525.00I

2 Cable Monitor Power Cord $ 24.00 6/1/85Plug

2 FDD Adaptor Cable $ 42.40 6/25/g5
2 6' IBM Parallel Printer Cable $ 42.41) 7/9/85

2 20 Meg Internal HD Svstem Microscience $ 1,358.00 8110/85

2 Ast Sixpkplus w/384K 498.1)1')
111 64K Ramset 200 nS I(_(LO(I

2 lntel 8087 Math Chip 198.00

Total $32,331.59
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